INTRODUCTION
============

Testicular torsion is a surgical emergency in the field of urology. This condition can cause subfertility or infertility, and psychological trauma in men ([@B1], [@B2]). To prevent ischemic necrosis, treatment should be done as soon as possible. If the testicle can be detorsed within 6 hr, over 90% of patients experience testicular salvage, while success decreases to \< 10% after 24 hr ([@B3]). Several factors delay treatment and orchiectomy. Patients or their parents hesitate to consult doctors for a genital condition because of lack of medical knowledge. Distance from home to a medical center and the economic status of the patients\' family may affect the delaying treatment ([@B4]).

Etiology of testicular torsion is known as \'bell clapper\' anatomical deformity ([@B5]). A family history of testicular torsion has been described as one of the etiology ([@B6]). Weather changes may affect the occurrence of testicular torsion ([@B7]). Physician\'s knowledge of the epidemiology and pathophysiology is important. Nationwide studies in the United States and Taiwan reported incidences of testicular torsion in males aged 1-25 yr as 4.5 cases per 100,000 men per year overall, and 3.5 cases per 100,000 men per year in men \< 25 yr of age ([@B8], [@B9]). However, information on Koreans is lacking. We performed a nationwide epidemiological study on the epidemiology of testicular torsion in Korean men.

MATERIALS AND METHODS
=====================

The Korean Urologic Association operated the UroPDS (Urologic Partitioned Data Set) patient registry from 2006 to 2011. All residency training hospitals recorded inpatient information. UroPDS data consists of age, diagnosis, kind of surgery, time of admission and time of discharge. To calculate the incidence rate of testicular torsion in the general population, the total population was cited from the Korean Statistical Information Service. A national census was made in 2010; and the estimated population was determined every year from 2006 to 2011. The average incidence of 6 yr was calculated by dividing the total population of males for the 6 yr by the total number of patients. Testicular salvage rate was calculated in patients who had undergone orchiopexy divided by the total number of patients. Age and regional information was included to analyze the influence of testicular salvage rate. Age group was divided as infancy (\< 1 yr), children (1-11 yr), adolescents (12-20 yr), and adults (\< 20 yr) ([@B10]). The geographic regions were divided into 10 administrative zones. Each urologic residency training hospital was classified by region. Population density was used to reflect urbanization levels ([Table 1](#T1){ref-type="table"}).

Statistical analysis
--------------------

Statistical analysis was performed using SPSS ver. 18.0 (IBM, Armonk, NY, USA). Pearson chi-square test was used to evaluate the association between variables and testicular salvage. A *P* value\<0.05 was considered statistically significant.

Ethics statement
----------------

This study was approved by the institutional review board of the Samsung Medical Center in Seoul, Korea (IRB Number, SMC 2014-05-023). Informed consent was waived by the board.

RESULTS
=======

From January 2006 to December 2011, 1,591 cases were included in UroPDS by a keyword search using \'testicular torsion\'. By year, the number of patients with testicular torsion from 2006 to 2011 was 225, 254, 272, 280, 346, and 213, respectively. The incidence of testicular torsion in male was 1.1 per 100,000 and 2.9 per 100,000 in males \<25 yr old. There were two peaks of incidence at infancy and adolescent. Adolescents were the most frequent incidence age group per 100,000. Incidence rate was decreased after the middle age, the disease can occur at any age ([Table 2](#T2){ref-type="table"}).

A total of 1,250 patients underwent orchiopexy. Total testicular salvage rate was 75.7% overall and 75.4% for those \<25 yr of age. Testicular salvage rate in infancy was 65.9%, which was lower than any other age group, but not statistically significant. Geographic incidence also was not a statistically significant factor ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Testicular torsion is a well known emergency in urology and can occur at any age. Our study shows that the incidence was 2.9 cases per 100,000 person years of males \<25 yr of age and 1.1 cases per 100,000 person years at all ages. The incidence of testicular torsion in males 1-25 yr of age has been reported as 4.5 cases per 100,000 male subjects per year in the United States ([@B8]). A US study indicated that the estimated yearly incidence of testicular torsion for males \<18 yr of age was 3.8 per 100,000 ([@B4]). Another nationwide study in Taiwan reported 3.5 cases per 100,000 person years for males \<25 yr of age ([@B9]). An incidence of 1.4 cases per 100,000 men was reported in Brazil ([@B11]). Several other studies reported a similar incidence rate. Two peaks of incidence were reported when plotted by age group. ([@B4]). We found a similar incidence by with peaks in infancy and adolescence. Both peaks were the time of appearance of primary and secondary sex characteristics. It may reflect the clinical distinction between extravaginal torsion in newborns and infants and children ([@B12]). Many nationwide studies have been on the basis of the statistcs of the country and are classified based on International Classification of Disease (ICD). With these methods, there is a possibility of miscoding if symptoms are similar with testicular torsion. For example, miscoding can occur when diagnosis changes after scrotal exploration. In the case of the UroPDS data, a doctor needed to enter the data directly after final diagnosis. This has an advantage of minimizing error.

Immediate surgical correction could save testicular damage in patient with testicular torsion. Most testicular torsion patients visit a hospital presenting with scrotal pain, swelling, and erythema ([@B13]). Surgeons will determine whether to remove the testicle. As a general rule, the decision depends on testicular color when a physician detorses the testis in the surgical field. A continuous black color, which means irreversible necrosis, is the most indicative of the need for testicle removal. Delayed diagnosis and treatment can increase the rate of testicular removal. In this study, total testicular salvage rate was 75.7% in Korea ([@B14]). In the United States, four studies reported testicular torsion and testicular salvage rate. Cost et al. ([@B14]) reported a 68.1% salvage rate from patients aged 1-17 yr old and Zhao et al. ([@B4]) reported 58.1% salvage rate in patients \<18 yr of age. Mansbach et al. ([@B8]) reported a 66.6% salvage rate in patients ≤25 yr of age. Cummings et al. ([@B15]) studied testicular salvage rate by ages of 17-20 and 21-34 yr. The salvage rate differed with 70.3%, of testes salvaged in the younger group versus only 41% in the older group. In Taiwan, Huang et al. ([@B9]) reported a rate of 74.4% in patients \<25 yr of age. The testicular salvage rate is better in Korea than other countries a little. This means that diagnosis and treatment was quick. Testicular salvage in torsion depends on timely presentation, diagnosis, and surgical intervention. In other time sensitive disease, such as appendicitis and myocardial infarction, efforts to improve outcomes have traditionally focused on public awareness to expedite presentation and provider education to hasten diagnosis ([@B16], [@B17]). Rate of testicular salvage will be increased in a similar way. Notably, there is similar testis salvage rate between rural and urban area in Korea. In the US, Zhao et al. ([@B4]) reported that age, insurance type, and living area influence testicular salvage rate. This better salvage rate in Korea is presumed to be due to the result of small size of territory, dense distribution of hospitals, and National Health Insurance of Korea (NHI). The NHI system initially offered plans with low premiums, low benefits, and low doctors\' fees to contribute to eliminating inequities based on socioeconomic status. This approach improved access to medical services, eliminated gaps between urban and rural areas and between different classes with respect to the use of services ([@B18]). In the future, Korean urologists will likely decline due to decreased urology residents in Korea, so similar longitudinal study design will be interesting in the future.

The study had some limitations. First, the data source of UroPDS is not covering the whole population. All patients\' data were recorded by surgeons directly in UroPDS. Only training hospitals were included in UroPDS program. There is a possibility of data loss due to record omission. Thus, the actual incidence rate would be a little higher than our results. But emergent surgery of pediatric testicular torsion is difficult at non-training hospital. In fact, the incidence is not far from foreign country. Second, the geographic districts were divided by hospital address. This variable is involved to evaluate influence of medical accessibility but it is hard to reflect each patient\'s medical accessibility.

In conclusion, this nationwide study addresses an important clinical issue. The incidence of testicular torsion in males aged \<26 yr was 2.9 cases per 100,000 men per year. Approximately 75.7% patients with testicular torsion finally received orchiopexy in Korea. To minimize the possibility of orchiectomy for testicular torsion, it is important to improve public awareness to expedite presentation and provider education to hasten diagnosis and surgery.
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^\*^Population density reflects the degree of urbanization.
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The estimated incidence of testicular torsion by age
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Testicular salvage rate according to age and region
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